The possibility of di!erences in phonetic alignment of phonological segments was examined by contrasting consonant sequences at word boundaries in Russian and English. In Experiment 1, two acoustic measures of consonant overlap, percent released and duration ratio, are computed for stop sequences at word boundaries, and results for English and Russian are compared. While signi"cant variation due to subject, phrase, and cluster type was found, English consistently showed signi"cantly greater overlap than Russian. A formal account of both the variation and the consistent di!erence is o!ered, incorporating the idea of phonetic alignment constraints within Byrd's (1996b) &&phase window'' framework. Experiment 2 examines the relationship between overlap and palatalization (or lack thereof ) at word boundaries, with an acoustic study of /s#j/ sequences in both English and Russian. The claim of Zsiga (1995) that the apparent change from /s/ to /ʃ/ in phrases such as &&press your point'' can be attributed to overlap between the /s/ and /j/ gestures is tested and partially supported. In addition to alignment constraints, however, additional phonetic constraints must be taken into account. It is concluded that phonetic constraints must di!er from phonological both in containing quantitative information and in being evaluated through weighting rather than strict dominance.
Introduction
This paper investigates consonant overlap at word boundaries in English and Russian, with three aims in view. First, the investigation aims to extend our cross-linguistic knowledge of articulatory coordination. While consonant overlap in English has been extensively studied (e.g., Catford, 1977; Hardcastle & Roach, 1977; Hardcastle, 1985; Barry, 1985 Barry, , 1991 Browman & Goldstein, 1986 , 1989 Nolan, 1992; Zsiga, 1994, begins with an underspeci"ed, categorical representation, to which categorical rules apply. At some point late in the derivation, the phonological representation is translated into a phonetic one, where the rules are gradient, manipulating numbers. In a nonderivational constraint-based theory, however, the phonological representation is not changed from one form to another: all the information is present all the time, and all the constraints have access to it. Recently, some linguists (e.g., Steriade, 1997; Kirchner, 1997; Flemming, 1997) have argued that phonological constraints should have direct access not only to contrastive phonological features, but also to quantitative phonetic information. Under this approach, the distinction between phonology and phonetics disappears. This paper will argue against that view, and hold out for the position that, even in a constraint-based model, phonology and phonetics should be kept separate. Further, it will be argued that the di!erence between them remains unchanged: phonology is categorical, phonetics is gradient (as argued, for example, by Keating, 1988b Keating, , 1990a Cohn, 1990; Pierrehumbert, 1990; Zsiga, 1993 Zsiga, , 1997 .
It is not necessary, however, to consider the phonetic component to be composed of a set of rules that "ll in numbers as a continuation of a phonological derivation. With Steriade, Kirchner, Flemming, and others, this paper will argue that many phonetic regularities can be expressed in terms of constraints: constraints that look very much like phonological ones, except for making reference to quantitative information. There will be various kinds of phonetic constraints, corresponding to the &&markedness'' and &&faithful-ness'' constraints of phonological theory (Prince & Smolensky, 1993) .
Markedness constraints encode those aspects of linguistic structure that are universally preferred (such as voiced sonorants and voiceless obstruents, syllables with onsets but no codas, binary prosodic feet, heavy syllables bearing stress, etc.) Phonetic markedness constraints, like the phonological ones, would be based on principles such as &&ease of articulation'' and &&perceptual recoverability'' (see Kirchner, 1997; Flemming, 1997 for extended discussion). If a &&constraint'' is de"ned as any factor that in#uences or limits possible linguistic forms, the physical capabilities of the speech system (the jaw can open so far and no farther, the tongue tip cannot be in two places at once, pharyngeal stops are impossible) may be considered &&top-ranked'' or inviolable markedness constraints. A stricter de"nition that limits the term &&constraint'' to those factors within the linguistic grammar would exclude such strictly physical determinants.
Faithfulness constraints stipulate that input and output should correspond as closely as possible. On the phonological side, faithfulness constraints prohibit insertion, deletion, or change in featural speci"cation. (When such di!erences between input and output are found, it is only because a more highly ranked markedness constraint compels them.) In the model being developed here, where phonology and phonetics are separate components, it will be assumed that the input to the phonetic grammar is the output of the phonology. Thus, phonetic faithfulness constraints would specify correspondence between a phonological input and a phonetic output. They would, for example, specify exact place and manner of articulation, such as coronal place"2703 (following Browman & Goldstein (1986) in considering place along the vocal tract as an arc). This kind of constraint would need to be parameterized for di!erent languages, to express, for example, the fact that /t/ is dental in Russian but alveolar in English.
A particularly important class of phonetic constraints will be alignment constraints. Advocates of the gestural approach to phonetic or phonological representations have been arguing that overlap * that is, alignment * between articulatory gestures can account for many assimilations, deletions, and insertions in connected speech, as well as 72
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A reviewer suggests that exact phasing relations might better be considered as part of the input to a phonetic grammar, rather than as part of the constraint set. In grammars that make no distinction between phonology and phonetics, exact timing might well be part of the input, but such grammars fail to account for the categorical nature of phonological processes. (See Zsiga, 1993 for extended discussion. Sagey (1988) elaborates the idea that phonological processes make reference only to domain edges, while phonetic processes access internal points.) On the other hand, if phonology and phonetics are considered distinct components, then a speci"ed phasing in the phonetic input requires (1) rules to "ll in those numbers and (2) language-speci"c requirements on possible inputs, both of which are ruled out in constraint-based phonologies.
phonetic regularities such as degree of aspiration or nasalization, or release of consonants in clusters (Krakow, 1989; Cooper, 1991; Browman & Goldstein, 1986 , 1989 Byrd, 1992; Zsiga, 1993 Zsiga, , 1995 Zsiga, , 1997 . This paper will propose considering gestural phasing as a phonetic alignment constraint, similar in form to phonological alignment constraints.
In current constraint-based phonological theory, alignment constraints may be used to align phonological and morphological domains, such as a$xes to the right or left edges of phonological words, or the edges of harmony domains to words (McCarthy & Prince, 1993a , 1993b Cole & Kisseberth, 1995) . For example, Cole and Kisseberth account for harmony systems in which all vowels in a word must agree in the feature [$advanced tongue root] by positing constraints that align the left and right edges of the phonological feature domain with the left and right edges of the phonological word. Crucially, to capture the categorical nature of such phonological processes, phonological alignment constraints refer only to domain edges. Gestural phasing rules (such as those proposed by Browman & Goldstein (1990) and throughout the literature on Articulatory Phonology) contain the same sort of information: a point in one constituent is aligned to a point in another constituent. In the phonetic alignment constraints proposed here, the objects being aligned would be gestures or constellations of gestures, and the instants being aligned would be salient points within them, such as onset, o!set, closure, or release. The di!erence between the two types of constraint would be that for phonetic alignment constraints not only edges, but points within the constituent, are available for alignment. It will be argued, as well, that phonological and phonetic constraints must be evaluated di!erently, and must be kept separate.
The proposed model, then, encompasses two grammatical components, each of which is constraint-based. In the phonological representation place and manner are represented in terms of distinctive features, and relative timing is encoded in terms of association lines, which group features into segments and segments into higher level prosodic constituents. Input}output pairs of representations are evaluated with respect to a strictly-ranked phonological constraint set, and the pairing which violates only lower-ranked constraints is selected. The successful output candidate then serves as input to the phonetic component, where it is paired with a candidate set of phonetic realizations. In the candidate realizations, place and manner are represented in terms of gestural targets, and relative timing is encoded in terms of gestural phasing. Evaluation of input}output pairs with respect to the phonetic constraint set then determines the phonetic realization assigned to each phonological input. The phonetic constraint set includes speci"cation of place and manner, phasing relations that specify alignment, and articulatory and auditory goals such as &&be distinct'', or &&conserve energy''. These can, of course, con#ict. Which constraint prevails is, as in phonology, a language-speci"c matter.
The rest of this paper illustrates the kind of work phonetic alignment constraints might do, focusing on new acoustic data on consonant overlap and palatalization in English
Phonetic alignment constraints
Data were collected by Stefan Kaufmann. and Russian. In what follows, Section 2 presents the "ndings on overlap in stop consonant sequences in the two languages. Section 3 discusses the /s#j/ sequences, and relates the "ndings there to those in Section 1. Section 4 turns to the palatalized consonants of Russian, presenting data on how they di!er from the English sequences. Section 5 concludes with further discussion of phonetic alignment constraints in phonological and phonetic theory.
2. Experiment 1: stop consonant alignment at word boundaries 2.1. Experimental design 2.1.1. Subjects Five native speakers of Russian (four women and one man) and "ve native speakers of American English (also four women and one man) participated. The Russian speakers ranged in age from 25 to 60, all were speakers of the Moscow dialect, and all had lived in the U.S. fewer than 5 years. The English speakers ranged in age from 20 to 30, and were from the American Northeast or upper Midwest. The Russian speakers were all students of English, and the English speakers all students of Russian.
Materials
In both Russian and English, /C1CC2/ sequences were studied. A set of two-word phrases containing stop consonant sequences at word boundaries was constructed (Table I ). In English, C1"/p, d, k/ and C2"/p, t, k/. The voiced coronal stop was used for C1 because many speakers of American English tend to substitute /ʔ/ for "nal /t/. In each case, C1 is the "nal consonant of a verb, and C2 is the initial consonant of its object.
The verb was monosyllabic or ended on a stressed syllable, and the stress pattern of the object was systematically varied. Finding word pairs in Russian was more di$cult. There are few declined verbs that actually end in stops; all are irregular. Because of the di$culty of "nding verbs that met the other phonetic criteria, C1 for Russian included both voiced and voiceless stops: /p, b, d, k, g/. C2, as for English,"/p, t, k/. Because the following consonant was voiceless, devoicing applied in these clusters, and C1 was found to be phonetically voiceless in any case. (However, whether the devoicing constitutes a complete neutralization was not directly investigated.) Where possible, verbCobject pairs were again used, with stress controlled as for English, though in some cases an adjective phrase or an intransitive verb followed by a locative or other descriptive phrase was used. Each phrase was incorporated into a sentence. (A full list of sentences is provided in Appendix A.) For presentation to the subjects, sentences were printed out onto a set of index cards, one card per sentence.
Recording procedures
Subjects were recorded in a quiet room, using a Sennheiser microphone and a Marantz portable tape recorder. The subjects were given instructions in their native language by a research assistant who is #uent in both Russian and English. Subjects were told they 74 E. C. Zsiga were participating in a study comparing Russian and English, but were given no other details until after the recording session. Subjects were given the set of sentence cards, and asked to repeat each sentence three times. They were asked to read &&as naturally and smoothly as possible''. The cards were shu%ed for each subject, with the materials for Russian and English kept separate. (The index cards for the stop sequences were, however, mixed together with a set of cards printed with sentences containing fricatives. The fricative materials are discussed as Experiment 2, below: see Section 3 and Table IV ). All subjects read the set of sentences in their native language "rst, then the set of
Phonetic alignment constraints
Due to an error, the sentences containing the phrases /pok persik/, /pok kaʃu/, and /eda kaʃu/ were inadvertently excluded from the set of sentence cards for three of the "ve Russian subjects. These cells, therefore, contain data from only two subjects, and interactions involving these cells should be interpreted cautiously.
sentences in the language they were learning. Only the native language productions are analyzed here. (Zsiga (in preparation) , analyzes the second-language productions.)
Analysis
The acoustic data were digitized at 22 kHz and analyzed using the Signalyze signal analysis software for the Macintosh.
Two acoustic measures of consonant overlap are considered: percent released and duration ratio. A cluster was counted as released if there was evidence in either the waveform or spectrogram of a release burst. Duration ratio, which was computed for each phrase for each subject, was de"ned as the mean duration of the C1CC2 cluster (including the intervening release, if any) divided by the sum of the durations of coda C1 and onset C2 occurring intervocalically. That is, duration ratio equals (average closure duration C1CC2) (avg. clos. dur. C1CV)#(avg. clos. dur. VCC2) Ratios greater than 1 indicate little or no consonant overlap. In order to avoid skewing the data with dis#uent tokens, any phrase in which there was a discernible stumble or pause (de"ned operationally as a period of silence of 350 ms or more) between the two words was excluded (20 tokens, 4% of the total collected, were excluded on this criterion). For the ratio to be meaningful, it must be assumed that the consonants are articulated similarly in clusters and between vowels, so cases where English speakers would normally produce #aps ("nal /d/ between a stressed and unstressed vowel) are excluded from this measure.
Results of experiment 1
Results for English and Russian speakers were then compared in analysis of variance. For percent released, independent variables were language, C1, C2, and stress. For duration ratio, in the "rst analysis of variance, only the condition where the second vowel had main stress was considered (due to the e!ect of #apping, which excludes VdCV, and therefore any ratio where V1 is stressed and C2 is /d/, from the design), so the independent variables were language, C1, and C2. The e!ect of whether V2 was stressed or unstressed on duration ratio was tested in a second analysis of variance, which included only labials and dorsals as C1. The results of these ANOVA's are shown in Tables II(a) (release) and II(b) (duration ratio) and are considered in detail below.
E+ect of language
For both percent released and duration ratio, there was a highly signi"cant main e!ect of language. The means for each language on each measure are given in Table III Russian are released more often, and have higher duration ratios. A duration ratio of 0.80 for English indicates that the consonants are overlapped, on average, for 20% of their closure duration. That means, of course, that the movements of the articulators out of C1 closure and into C2 closure will also be overlapped, consistent with the approximately 30}60% overlap in articulatory contact measured by Catford (1977) , Barry (1991) and Byrd (1996a) . In contrast, a duration ratio of 0.98 for Russian indicates almost no overlap in closure duration at all. Fig. 1 shows a graph of percent released and duration ratio for each cluster in each language. The data show both commonalties and di!erences between Russian and English. Signi"cant e!ects, as seen in Table II , are discussed in detail below. First consider percent released. On this measure, there was a large main e!ect of C2, as well as signi"cant interactions of C1 by C2, language by C1, and language by C1 by C2. The interaction of C2 and language was not signi"cant.
Phonetic alignment constraints
One immediately apparent e!ect is that of homorganicity: in both languages, homorganic clusters are almost never released. While the e!ect is seen for both languages, the di!erence between homorganic and non-homorganic clusters is much more striking for Russian. In Russian, there was not a single example of a /kCk/ cluster with internal release, yet /kCt/ clusters were released 89% of the time, despite the fact that /t/ is articulated further forward than /k/. (Compare these numbers to English, where /kCk/ clusters had a release rate of 7%, and /kCt/ 27%.) Similarly, the /dCt/ cluster in Russian was released 10% of the time, /dCk/ 100% (compare 3 and 30% in English). It has been previously reported (e.g., Ladefoged, 1993) , that identical consonants across word boundaries in English will not have an intervening release, though it is interesting to see here that the same e!ect is found even for /dCt/, when the two consonants di!er in voicing. (Catford (1977) notes that homorganic but non-identical clusters will not be released.)
The main e!ect of C2 is due to the fact that, for both Russian and English, a cluster was less likely to have an audible release if C2 was /p/. Pooled across both languages, clusters were released 20% of the time when C2 was /p/, vs. 38% for /t/ and 39% for /k/.
In English, di!erences in place of articulation seem to account in a straightforward way for the rest of the data: clusters are more likely to have an audible release if C1 is further forward than C2. This is seen in the fact that clusters whose second member is /p/ are less likely to be released than clusters where C2 is /d/ or /k/, and in the fact that /pCt/, /dCk/, and /pCk/ have largest values for percent released.
In Russian, there is much more variability among the hetero-organic clusters, although all are released more often than their English counterparts. The trend, to the extent there is one, is di!erent. Whether or not C1 is further forward than C2 makes little di!erence. Rather, those clusters that involve one articulation made with the lips and the other with the tongue (/kCp/, /dCp/, /pCt/, and /pCk/) have an audible release less often than /kCt/ and /dCk/, where both C1 and C2 involve tongue closures. Mean percent released for coronal}dorsal combinations in Russian is 94.5%, while for labial} coronal and labial}dorsal it is 55.3%, including those clusters where the labial is "rst. (The same comparison for English would yield 28 vs. 25%.) This "nding of a high percent released (and duration ratio) for /dCk/ clusters in Russian, indicating little overlap in these sequences, di!ers from previous "ndings for English (Barry, 1991; Byrd, 1996a) ,
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E. C. Zsiga where coronals were nearly completely overlapped by a following velar stop. Some of the variation in the Russian clusters remains unexplained, particularly why /kCp/ is so high and /pCk/ is so low. However, these results clearly show di!erent articulatory strategies for English and Russian. Now consider duration ratio, keeping in mind that only data where the second word bears main stress is considered. Statistical analysis (Table II) showed a signi"cant e!ect of C1, and signi"cant interactions of language by C1 and language by C2. The e!ect of C1 is that, across both languages, duration ratios are lower when C1 is /p/. The interactions are in line with the fact that Russian is much more variable than English is, as is clear from Fig. 1 .
For English, the duration ratio varies little, hovering around 0.8 (that is, the cluster is 80% as long as the sum of C1 and C2 intervocalically). Clusters where C1 is /p/ are slightly lower than average, but not by much. The lowest value, for /pCp/, is 0.659, while the highest, for /dCt/, is 0.881. Variation in duration ratio is not related to variation in Phonetic alignment constraintspercent released. Although /pCp/ is lowest for both percent released and duration ratio, the /dCt/ cluster has the highest duration ratio and one of the lowest percent released, while the /pCk/ cluster has the highest percent released and one of the lower duration ratios. Overall, these data show that, for English, the amount of overlap varies little from cluster to cluster. Whether or not the cluster has an audible release follows from whether C2 is articulated further forward than C1.
The picture is very di!erent for Russian. The highest duration ratio, 1.6 for /kCp/, is twice that of the lowest, 0.75 for /pCt/. Duration ratio more closely mirrors percent released. The greater degree of variation from cluster to cluster is consistent with a speaker strategy in which the two articulations are pulled apart to facilitate an audible release. Although the numbers for /kCp/ should be interpreted cautiously because they represent only two subjects out of "ve (see note 4 above), it is interesting that duration ratio is highest here, where producing an audible release would be most di$cult. (In English, where it is hypothesized there is no reorganization from cluster to cluster, /kCp/ has the lowest percent released of all the hetero-organic clusters.) Conversely in Russian, duration ratio is lowest for clusters where C1 is /p/. In this case, an audible release can be made without drastically pulling apart the two closures. Thus, in Russian, coordination of the stop consonant clusters varies by place of articulation, seemingly in order to facilitate a perceptual goal of audible release.
E+ect of stress
Previous research (e.g., Hardcastle, 1985; Byrd, 1996a; Byrd et al., 1999) has shown that the strength of the boundary between two constituents may in#uence the amount of overlap between them. In the experiment reported here, it was hypothesized that a stressedCunstressed sequence of syllables would form a single prosodic foot, while the unstressedCstressed sequence would form two. Because of the presence of the stronger prosodic boundary, it was hypothesized that both duration ratio and percent released would be higher in the unstressedCstressed condition than in the reverse. In the analysis of variance on percent released, the e!ect of stress could be tested across all cluster types (Table IIa) . Because of #apping of coronals in English, the e!ect of stress on duration ratio can only be tested for those clusters where C1 is /p/ or /k/ ( Table IIb) . The result of these analyses is a complex pattern of interactions, as seen in Table II and Fig. 2. For percent released, the hypothesis is supported: the e!ect of stress is signi"cant. Across both languages, C1 was signi"cantly more likely to be audibly released when the next word began with a stressed syllable than with an unstressed syllable: 29 vs. 36%. The trend held true for almost all cluster types. The exception was Russian clusters where C2 was /t/ (which probably accounts for the language by C2 by stress interaction).
For duration ratio, the main e!ect of stress was not signi"cant (means were 0.85 in the stressedCunstressed condition, and 0.83 in the unstressedCstressed condition). The language by stress interaction was not signi"cant either, but there are a number of signi"cant interactions of the other factors with stress. Values for the two stress conditions in each language are graphed in Fig. 2 . For Russian, there were large di!erences between stress conditions, but they were not consistent in direction. For English, the e!ect of stress was smaller, but for "ve out of six cluster types, duration ratio was higher in the unstressedCstressed condition as predicted. The exception is the /kCt/ cluster, where the e!ect is reversed.
Overall, then, the e!ect of stress was not clear in these data.
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Figure 2. Values for percent released and duration ratio for each cluster in English and Russian, separated by stress condition. , stressCunstress; , unstressCstress.
E+ect of subject
In each of the above analyses, subjects were pooled. It is worth asking, however, how di!erent the di!erent subjects were, and whether there was a consistent relation for each subject between duration ratio and percent released. A graph of the means for percent released and duration ratio for each subject is given in Fig. 3 . The Russian subjects tend to fall toward the upper right, with higher numbers for both duration ratio and percent released. The English subjects tend to have lower numbers on both, and fall toward the lower left. There is one exception: subject E1 is more Russian-like than English-like on both measures. The anomalous behavior of this subject will be returned to in the discussion of experiment 2. Figure 3 . Mean values for percent released and duration ratio for each subject. , English; ᭺, Russian.
Phonetic alignment constraints
Discussion of experiment 1
The strongest "nding is the overall di!erence between English and Russian on the two measures studied. English consonant clusters at word boundaries are more overlapped than their Russian counterparts. A principled statement of consonant alignment in the two languages must account for this consistent di!erence. This paper will follow Browman & Goldstein (1986 , 1989 in assuming that coordination of speech articulations is best expressed as phasing relations between articulatory gestures. Certain points within one gesture (conceived of as a critically damped 3603 cycle) are timed to coincide with points in another gesture. Browman & Goldstein (1989) suggest that phasing between hetero-syllabic consonants at a word boundary is not speci"ed, though they leave open the possibility that there is some other word-toword phasing relationship that would a!ect overlap in clusters. The data presented here show, however, that di!erent phasing principles of some sort are operative in the two languages. As a "rst approximation, one might suggest the following.
In English, consonant gestures are aligned such that closure for C2 precedes release of C1. The release then may only be audible if it is articulated further forward than C2. In terms of gestural phasing, where attainment of target position equals 2403 and release equals 2703, for English C1(2603)"C2(2403). That is, attainment of target for C2 is timed to occur just before release of C1. In Russian, closure for C2 lags behind release of C1, such that the release is usually audible, regardless of place of articulation. This might be formalized as C1(2803)"C2(2403).
With a slight shift in formalism, these di!erences are easily expressed as phonetic alignment constraints for the two languages: ALIGN(C1, 2603, C2, 2403) in English and ALIGN(C1, 2803, C2, 2403) in Russian.
These point-to-point alignment constraints, however, make no allowance for variation from cluster to cluster or from speaker to speaker, nor for the di!erences between English and Russian in terms of how much variation is seen. In English, alignment di!ered little from cluster to cluster, and whether or not there was an audible release depended most 82
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heavily on relative place of articulation. This suggests that a single principle of coordination is operating across all clusters. In Russian, however, there was more variability from cluster to cluster, consistent with a strategy in which the two articulations are pulled apart in non-homorganic clusters in order to facilitate an audible release. One model which could account well for these facts is Byrd's (1996b) phase windows model. Byrd, combining elements of Browman and Goldstein's articulatory phasing and Keating's (1990b) window model of coarticulation, suggests that phasing between articulatory gestures be speci"ed not as particular values, but as windows of values within which the phasing relation must fall. (Docherty (1992) proposes a similar model, which also treats inter-articulatory timing in terms of windows, though his model is not couched in terms of Articulatory Phonology.) Di!erent factors, which Byrd terms &&in#uencers'' determine where in the window the actual value will fall. These in#uencers might include rate, formality, and talker idiosyncrasies. They might also include perceptual goals, such as the need for an audible release. The data here suggest a single window for alignment of consonants at word boundaries in English, allowing complete overlap as its lower bound, and audible release as its upper. Incorporating a phase window into the alignment constraints suggested above would mean including a range of values rather than a single point, perhaps ALIGN (C1, [240}2703], C2, 2403) for English. The variability in the Russian data could be accounted for in two di!erent ways, either by specifying di!erent windows for di!erent clusters, or by specifying a single window with a wide range.
The very large di!erences between homorganic and hetero-organic sequences seen here suggest at least two di!erent windows for these cases. Homorganic clusters would have an alignment constraint similar to English clusters, disallowing audible release. An alternative approach would be to posit a phonological process of gemination for the homorganic clusters, treating them as a single phonologically long stop rather than as a sequence. In that case, no phonetic alignment constraint for homorganic clusters would be necessary. If there were phonological gemination, however, one would expect that the homorganic clusters would never have an internal release, and that is not quite the case here.
The alignment constraint for the hetero-organic clusters would specify an alignment in which release was usually audible. A constraint such as ALIGN (C1, [260}3203], C2, 2403) would capture the range of variation found here. Exactly where within the alignment window each cluster fall would be determined in part by pressure to reach the perceptual goal of audible release. Due to this pressure, for example, coronal}dorsal clusters would be pushed toward the outer edges of the window, while labial}dorsal clusters could have greater overlap and still attain the perceptual goal. Thus, by specifying di!erent alignment constraints, but allowing a window of variation within each constraint, the di!erences both between and within the two languages can be accounted for.
Experiment 2 now turns to the question of whether the patterns of consonant alignment at word boundaries in the two languages can account for the facts of palatalization.
Experiment 2: palatalization
Experimental design
Subjects and recording procedures
Subjects and recording procedures were the same as for experiment 1. Data on fricatives were recorded in the same session, interspersed with the data on consonant clusters. In both languages, /s#j/ sequences are contrasted with underlying /s/ and /ʃ/. In Russian, tokens containing /s/ were also recorded. The single /s/, /ʃ/, and /s/ fricatives occurred between vowels, the "rst of which was stressed, the second unstressed. The fricatives /s/ and /ʃ/ were word-"nal, /s/ was word-internal. For the /s#j/ sequences, the words used were verbCobject pairs (with a few additional pairs, for particular study, noted below). In each case, the verb was monosyllabic or ended on a stressed syllable. The stress pattern of the second word was varied systematically, as was its status as noun or pronoun. The words or phrases containing the fricatives are given in Table IV . The full set of sentences are given in Appendix A.
Phonetic alignment constraints
Data analysis: centroids
As in experiment 1, the acoustic data were digitized at 22 kHz and analyzed using the Signalyze signal analysis software for the Macintosh. Of particular interest was how the acoustic quality of the fricatives changed (or did not change) over time. Thus, both duration and spectrographic measures are relevant. The duration of each fricative was measured from the onset to the cessation of aperiodic noise, based on both the waveform and spectrogram. In order to compare the quality of the fricatives, analysis of centroid values was used. Each fricative was divided into thirds, and the mean centroid value (over a range of 500}11 000 Hz) for the beginning, middle, and end was calculated. The centroid is a weighted average (based on amplitude) of all the frequencies present in the spectrum, and gives a measure of the frequency around which the fricative noise tends to be concentrated. A window size of 5 ms was used, then the centroid was calculated based on an averaged spectrum over the third of the fricative. Fig. 4(a) shows the overall results for English. The graph shows the mean centroid value for each fricative type across all "ve subjects. The /s/ is high-pitched, around 6000 Hz, while /ʃ/ is lower pitched, around 5000 Hz. For the /s#j/ sequences, there is a gradual fall over the course of the fricative, from /s/-like at the beginning to more /ʃ/-like at the end: a gradient palatalization. The gradually falling frequency is clear in Fig. 4(b) , which reproduces a representative spectrogram (one token of &&press you'' from subject E4). Note particularly that the high F3 and F4 formants, indicative of the palatal glide, overlap considerably with the fricative noise. These overall "ndings are consistent with the "ndings of Zsiga (1995) : partial assimilation consistent with overlap between the /s/ and /j/ gestures. The gradually falling frequency is not, however, the inevitable result of an /s/ followed by a /j/, but the result of the particular pattern of overlap that is typical of English. If a language showed less overlap, we would expect to see less assimilation.
Results
E+ects of language and fricative type
This, in fact, is the case for Russian. As Fig. 5(a) shows, Russian /s#j/ is not distinguished from /s/ between two low vowels. The spectrogram in Fig. 5(b) shows a representative token, /pas jejo/ from speaker R4. Even in the context where English speakers showed the most palatalization * an /s/ followed by an initially unstressed pronoun * Russian speakers showed no assimilation at all. The fricative noise remains steady and high-pitched throughout. The high F3 and F4 of the palatal glide are clearly visible, but they do not begin until the fricative noise has subsided.
Statistical analysis supports the patterns seen in Figs 4 and 5, and also brings out some interesting further details. A repeated measures analysis of variance was performed on the centroid values for the /s/, /ʃ/, and /s#j/ fricatives, with factors position (beginning, middle, and end), language, subject (within language), and fricative type. Because this 86 E. C. Zsiga analysis showed interactions of position with the other factors, a further analysis of variance was performed for each position. Results are shown in Table V . There was a signi"cant main e!ect of language only for the initial centroids, where the Russian fricatives were slightly higher-pitched. (By the middle and end of the fricatives, the Russian tokens of /s/ and /s#j/ remained higher than the English, while the /ʃ/ tokens fell lower, so there was no overall e!ect at those points.) At all three points, however, there were highly signi"cant e!ects of fricative type and subject, as well as interactions of fricative type with both subject and language. As will be seen below, the Russian tokens consistently showed no assimilation. The patterns in English were more varied. Some tokens, particularly those where the /j/ sound began a content word with an initial stressed syllable, showed little or no assimilation; others, particularly pronouns and words that began with unstressed syllables, showed much more. The English subjects also di!ered as to how much assimilation they evidenced. These e!ects and interactions of utterance and subject are explored below.
E+ects of utterance and subject
To test for di!erences between the di!erent utterances, a further analysis of variance was performed at each position for each subject, with utterance as the independent variable, and centroid value as the dependent. For all subjects in both languages, the e!ect of utterance was highly signi"cant. A post-hoc Student}Newman}Keuls analysis was used to check which fricatives were signi"cantly di!erent. Of particular interest, of course, are whether the centroid values in the /s#j/ sequences are distinct from either /s/ or /ʃ/. To control for the e!ect of surrounding vowels in English, the words &&press'' and &&rush'' were used as controls for the &&press'' sequences, and the words &&miss'' and &&wish'' were used as controls for the &&miss'' sequences. In Russian, the /s#j/ sequences were compared with those words containing /s/ and /ʃ/ that are most similar (see Table IV ). Four basic patterns were found: no assimilation, some partial assimilation, greater partial assimilation, and complete assimilation. The tokens that fell into each pattern for English and Russian are listed in Table VI . Example spectrograms from subject E4 illustrating the range of results are shown in Fig. 6 .
The results for Russian are very clear: no assimilation. With the exception of only one utterance for one subject, there was no lowering of the fricative noise towards an /ʃ/-like value in any /s#j/ sequence, regardless of subject or of following word. (In this one anomalous case, /pr> nos jabloko/ for subject R1, the amplitude of the fricative noise was very low, less than a third of the average for this subject.) An example spectrogram showing the lack of assimilation in Russian /s#j/ sequences was shown in Fig. 5 . For the Russian speakers, /s/ followed by /j/ does not di!er acoustically from /s/ followed by a vowel. There were also many tokens in English that showed no evidence of assimilation. An example, from the utterance &&miss yesterday'' from subject E4, is shown in Fig. 6(a) . The fricative noise is steady and high-pitched. At the very end of the fricative, formants indicative of the palatal glide become evident, but their e!ect on the overall pattern of frication is slight and non-signi"cant. Two English subjects, E3 and E5, evidenced this pattern throughout. Subject E3 showed no clear evidence of assimilation at all, and 88 E. C. Zsiga 
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For subject E5, the centroid values for &&miss'' and &&wish'' were very close together, and the di!erences between them did not reach signi"cance. The di!erence between &&press'' and &&rush'' was signi"cant only at the middle of the fricative. Again, signal-to-noise ratio may be implicated. Thus, when the /s#j/ sequences are examined, even when they do numerically fall in between /s/ and /ʃ/, they are not signi"cantly di!erent from either. In any case, because the /s#j/ sequences are not signi"cantly di!erent from /s/, this subject does not provide clear evidence to support the hypothesis that there will be partial assimilation in /s#j/ sequences. For the other subjects and tokens in this category, /s/ and /ʃ/ were found to be signi"cantly di!erent, and the /s#j/ sequences were /s/-like at all points.
In some of the phrases in this category, centroid values at the beginning of the fricative also fell between /s/ and /ʃ/, though none were both signi"cantly lower than /s/ and indistinguishable from /ʃ/, as were the values at the end. The phrase &&boris yeltsin'' for subject E1 and the phrase &&press your point'' for subject E5, had centroid values at the beginning of the fricative that were in between /s/ and /ʃ/, but not signi"cantly di!erent from either. The phrases &&press uranium'' and &&press yards'' for subjects E2 and E4 fell in between /s/ and /ʃ/, and were signi"cantly di!erent from both. This initial lowering is presumably due to lowered amplitude. subject E5 showed clear evidence of some assimilation for only one utterance, &&press your point''. (This utterance was also the only case for which there was even a hint of assimilation for subject E3. For that subject and phrase, centroid values fell in between /s/ and /ʃ/ at all three points, but neither the di!erence from /s/ nor the di!erence from /ʃ/ reached signi"cance.) The &&press'' sequences for subject E1 and the &&miss'' sequences for subject E4 also fall into the &&no evidence of assimilation'' category. Here, the centroid values for the control /s/ tokens (&&press'' for E1 and &&miss'' for E4) fell considerably at the end of the fricative, so much so that they were not signi"cantly di!erent from /ʃ/ at that point. In the /s#j/ sequences, the centroid value also fell at the end of the fricative but no more so than /s/ did. Thus, the /s#j/ sequences were not, at the end of the fricative, signi"cantly di!erent from either /s/ or /ʃ/, and thus there was no clear statistical evidence of assimilation. Certainly, lowered amplitude of fricative noise may be implicated here. Lowering in the /s#j/ sequences can only be attributed to the following /j/ if the fall in centroid values at the end of the fricative is greater than can be attributed to loss of amplitude alone.
Utterances were counted as showing &&some assimilation'' if there was signi"cant lowering in the /s#j/ sequence only in the last third of the fricative. That is, /s/ and /s#j/ were indistinguishable for the beginning and middle centroid values, but the end centroid value for the /s#j/ sequence was signi"cantly lower than the comparable value for /s/. No Russian tokens fell into this category. The English cases that showed this pattern are listed in Table VI (b) . For the phrase &&miss you'' for subject E2, the "nal centroid value was signi"cantly lower than /s/, but also signi"cantly higher than /ʃ/. For all other subjects and phrases listed in Table VI (b) , centroid values at the end of the fricative were signi"cantly lower than /s/, and indistinguishable from /ʃ/. (Cases (involving subjects E1 and E4) where the "nal centroid value is not signi"cantly di!erent from either /s/ or /ʃ/ are counted as &&no assimilation'', and listed above.) The spectrogram in Fig. 6 (b) (a token of &&press uranium'' from subject E4) is typical of tokens showing &&some assimilation''. Here, the palatal formants extend further into the fricative, and are excited by noise themselves. Some lowering of the main region of fricative noise toward the palatal formants is also evident.
While this small e!ect at the end of the fricative should not be ignored, and the fact that no Russian phrases showed this pattern should be noted, the e!ect must be viewed with caution, especially in light of the fact that a number of tokens also showed some lowering at onset, and some of the /s/ controls also showed lower values at the end. More telling are those cases where there was an e!ect in the middle of the fricative, where amplitudes are highest, and presumably the target articulatory position has been reached.
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Recall, however, that for subject E1 there was a "nal lowering e!ect for the /s/ in &&press'', so that centroid values at the end of the fricative in &&press your'' were not signi"cantly di!erent from either /s/ or /ʃ/. At the center of the fricative, /s#j/ was signi"cantly lower than /s/ and indistinguishable from /ʃ/.
For &&boris yeltsin'', the centroid values at the end were not signi"cantly di!erent from either /s/ or /ʃ/.
Five di!erent English phrases showed such a pattern, listed as Greater Assimilation in Table VI(c). For four of the "ve phrases in this category, /s#j/ sequences were like /s/ at onset, but at the middle and end of the fricative were signi"cantly lower than /s/ and the same as /ʃ/. For the "fth (&&boris yeltsin'' for subject E2), there was an additional partial e!ect at onset. At the onset and middle of this phrase, centroid values fell in between those for /s/ and /ʃ/, and were signi"cantly di!erent from both. At the end, centroid values were signi"cantly lower than those for /s/ and indistinguishable from those for /ʃ/. An example spectrogram (&&press you'', subject E4) was shown in Fig. 4(b) . The pattern is similar to Fig. 6(b) , except that evidence of a palatal articulation begins earlier, and there is greater lowering of the main region of fricative noise.
Finally, there were a few cases for subject E4 where the centroid values in the /s#j/ sequences were indistinguishable from the values for /ʃ/ at any point. These are counted as &&complete assimilation'' and listed in Table VI (d) . A spectrogram of one token of the phrase &&boris yeltsin'' is shown in Fig. 6(c) . Palatal formants, excited by noise, extend throughout the fricative, and the noise is uniformly lower pitched.
In this set of data, greater or complete assimilation was the exception rather than the rule. Only two phrases out of a possible 40 looked like complete assimilation. Five more showed a lowering e!ect as early as the middle of the fricative. Of these seven, four consisted of the verb &&press'' followed by an unstressed pronoun. Two others were a familiar name. In only one case did a verb followed by a stress-initial content word show an e!ect earlier than the very end of the fricative. Twelve additional phrases showed a lowering e!ect (greater than any lowering for /s/ followed by a vowel) at the end of the fricative. Verbs followed by pronouns and by nouns of both stress types fell into this category. Finally, 21 out of the 40 possible cases showed no statistically clear evidence of assimilation at all. Lack of rampant assimilation is perhaps to be expected in read speech recorded in a laboratory setting.
The "ve English subjects certainly di!ered in the amount of assimilation in their data. Subject E3 showed no tendency toward assimilation at all; Subject E5 showed some assimilation for only one phrase. E1 tended toward less assimilation rather than more. E2 was the only subject who showed at least some assimilation in all phrases, but E4, the most variable subject, was the only one who provided evidence of apparently complete assimilation, in two di!erent phrases.
It is interesting to note how the subjects' performance in Experiment 2 compared with their performance in Experiment 1. A ranking of the 10 subjects on the three experimental measures * percent released, duration ratio, and amount of palatalization, is given in Table VII . A link between the three measures is supported for most subjects but not for all. Subjects E2 and E4 had the highest percentage of tokens palatalized. They also had the lowest duration ratios and the fewest stop clusters with internal release. Conversely, all of the Russian subjects showed little or no (mostly no) palatalization and had high duration ratios and percentage of clusters released. Subject E5 was intermediate on all three measures. These eight subjects would seem to support a close link between overlap in stop clusters at word boundaries and palatalization in /s#j/ sequences. Subjects E1 and E3 are di!erent, however. Subject E3 has a low percent released, and Most released Greatest duration ratio Fewest /s#j/ tokens palatalized As a reviewer points out, it is possible that an inherent length di!erence is masking a rate di!erence. For example, if Russian fricatives were inherently longer than English fricatives, then the "nding of equivalent noise durations would mean that the Russian speakers were talking faster. Since no independent measures of speaking rate were made, this possibility cannot be completely discounted. a duration ratio as low as that of E2. But she shows no clear evidence of any palatalization. E1, on the other hand, has values for percent released and duration ratio that are Russian-like. She, however, has a high percentage of tokens that show at least some palatalization (albeit usually only in the "nal third of the fricative, as was seen in Table VI ). These subject e!ects will be returned to in the discussion section.
Phonetic alignment constraints
Correlations between duration and centroid value
One further analysis was conducted on the fricative tokens. The duration of noise for each fricative token was measured. Over all the di!erent fricative types, there was no di!erence in fricative noise duration between English and Russian. Mean duration was 107 ms for Russian, 108 ms for English. This suggests that the Russian and English speakers used similar tempos: it does not seem to be the case that the English speakers were simply talking faster.
For each fricative type in each language, the correlation between duration and the middle centroid value was computed over all the tokens of that fricative type. There was no signi"cant correlation between these two measures for /s/ or /ʃ/ in English, or for any fricative type in Russian. There was thus no general or necessary correlation between short duration and lower centroid value. The only signi"cant correlation between duration and middle centroid value was for /s#j/ in English (r"0.291, p"0.0017) . For this sequence, the lower the centroid value, the shorter the fricative tended to be. For the Russian /s#j/ sequences, r"0.087, p"0.3911.
Discussion of experiment 2
Three clear "ndings stand out from this experiment.
First, English and Russian /s#j/ sequences are di!erent. Except for a single lowamplitude example, there is simply no evidence for /s/ to /j/ assimilation in Russian.
92
E. C. Zsiga
Whatever the cause of the di!erence between /s/ and /s#j/ in some English sequences, it is not operative for the Russian phrases. Second, assimilation in English is variable. Some speakers and phrases are more prone to assimilation than others. Subject E2 showed some evidence of assimilation all the time, while subject E3 never did. Subject E4 varied, with some /s#j/ sequences showing no assimilation and others showing apparently complete assimilation. Assimilation was more common with a following pronoun than a content word, but content words could undergo assimilation (&&miss yesterday'' for subject E2), and pronouns might not (&&press you'' for subject E1).
Third, assimilation in English is gradient. As can be seen in Figs 4 and 6, the following glide may a!ect the fricative only slightly at the end, may cause a gradual lowering over the course of the fricative, or may result in lowering throughout. The gradience of the phenomenon is consistent with the "ndings of Zsiga (1995) .
According to a simple overlap account like that given by zZsiga (1995), the three measures in the two experiments reported here * percent released, duration ratio, and lowering of centroid values * can be accounted for by a single parameter: alignment of consonant gestures at word boundaries. There is greater overlap at boundaries in English than in Russian, resulting in lack of release in stop clusters, and gradient palatalization in /s#j/ clusters (and probably a host of other e!ects, such as casual speech assimilations and deletions of "nal consonants, as others have argued.) In English, consonant gestures are aligned such that attainment of target constriction for C2 precedes the release of C1. In Russian, attainment of target for C2 follows release of C1. As was discussed above (Section 2.3), these di!erences may be expressed as di!erent patterns of consonant alignment for the two languages. Importantly, if consonant overlap alone gives rise to the perception of palatalization, as the two combined articulations modify the acoustic result, no separate rule (or constraint) of palatalization is needed. Everything follows from the degree of overlap between the two consonants.
The simple overlap account given in Zsiga (1995) is not fully supported by these data, however. The experiments reported here have shown that English stop consonant clusters at word boundaries have greater overlap than do consonant clusters at word boundaries in Russian, and that gradient palatalization occurs in English, but not in Russian. While there is supporting evidence that these two facts are related, the evidence is not unequivocal. Perhaps the clearest and simplest argument in favor of the overlap account is visual evidence from the spectrograms in Figs 4}6 . The high F3 and F4 typical of the palatal glide overlap with the higher pitched fricative noise, and are excited by fricative noise themselves. The intrusion of this lower band of noise lowers the overall centroid value into the /ʃ/ range. Another piece of evidence comes from correlations between fricative duration and centroid values. One possible explanation of the fact that only English /s#j/ sequences showed a signi"cant correlation between these two measures is that greater overlap shortens the fricative. The more overlap, the greater the in#uence of the glide articulation, and the more quickly /s/ would change to /j/. Thus, in English, there would be a correlation between shorter duration and lower centroid value. In Russian, the /s/ and /j/ are separate enough that the following /j/ would not a!ect the fricative at all. (On the other hand, it is also possible that the correlation arises because palatalization is a characteristic of faster speech in English, so that lower centroid values and shorter fricatives would both be related to faster speech, but not directly related to overlap or to each other.) The subject-by-subject analysis (Table VII) provides some evidence in support of the overlap account, and some against. For eight out of the 10 Figure 7 . Spectrogram of the word &&vosem'', spoken by subject R5. subjects, a tendency to greater or lesser consonant overlap goes along with a tendency to greater or lesser palatalization. But subject E3 shows that it is possible to have considerable consonant overlap but no palatalization, while subject E1 shows that it is possible to have at least some palatalization in quite a few tokens, with very little consonant overlap. The spectrographic evidence, evidence from the correlations, and evidence from eight of 10 subjects is consistent with an analysis that attributes palatalization to overlap. But subjects E1 and E3 suggest that, at least, something else must be going on.
To examine what this something else might be, we now turn to a fricative type that has not yet been discussed: the palatalized fricative in Russian.
Palatalization in Russian
Palatalized fricatives in Russian pose a problem for the overlap approach to English palatalization. X-ray evidence (e.g., Keating, 1988a) has shown that palatalized fricatives consist of an /s/ and /j/ articulated at the same time. How is this di!erent from English /s#j/? Fig. 7 shows a spectrogram of Russian palatalized /s/ (&&vosem'', subject R5). Consistently for these fricatives, there were two bands of fricative noise visible on the spectrogram: the stronger, higher pitched noise corresponding to the /s/ dental articulation, and lower bands, which seem to be continuations of F3 and F4, and which can be attributed to the palatal articulation.
This spectrogram di!ers in two major ways from those of the English /s#j/ sequences in Fig. 6 . The "rst di!erence is in timing. In Russian, the palatal gesture begins much earlier, and extends throughout. Its e!ect on F2 in the preceding vowel is clear, giving the vowel a de"nite dipthongal quality. In English the palatal gesture begins, for almost all the tokens in these data, only towards the end of the fricative. The second di!erence lies in the distinctiveness of the two articulations. The Russian speaker is able to maintain two separate simultaneous articulations throughout the length of the fricative. The di!erent bands of noise remain steady and distinct. This is in contrast to the gradient palatalization seen in Figs 4 and 6(b), where the English speakers seem to allow the two articulations to blend, such that the /s/ and /j/ 94 E. C. Zsiga Figure 8 . Spectra from the beginning, middle and end of one token of &&press your'' spoken by subject E5.
articulations merge toward the end of the fricative. (Gestural weakening and blending in English /s#j/ sequences was suggested by Scobbie (1995) , commenting on Zsiga (1995) ). Weakening and blending can be seen even more clearly in Fig. 8 , which shows a sequence of spectra, from the beginning, middle and end of one token of &&press your'' from subject E5. At the beginning and middle of the fricative, there is only a single peak for the /s/. At the end of the fricative, a lower-pitched peak emerges, and the /s/ peak collapses toward it. Thus, Russian /s/ and English /s#j/ both exhibit overlap of the coronal and palatal gestures. They apparently di!er in the timing of the two gestures, and in the care taken to keep the two simultaneous articulations separate. Willingness to allow gestural weakening may also help explain the unexpected results for subjects E1 and E3 discussed above (Section 3.2). Subject E3 demonstrated a tendency to greater consonant overlap, but did not evidence much palatalization. This might be attributed to the absence of gestural weakening. Subject E1 had little overlap, but did show some lowering e!ects at the end of her fricatives. This subject may, on the other hand, have been more prone to weakening, so that a smaller amount of overlap had a greater e!ect.
Overlap without weakening and blending of the primary /s/ gesture produces a palatalized fricative, as in Russian (Fig. 7) . With neither overlap nor blending, there is no e!ect ( Figs 5 and 6(a) ). Partial overlap, combined with blending, gives rise to gradient palatalization (Figs 4, 6(b) , and 8). Considerable overlap, combined with weakening of the /s/ gesture, produces near-complete collapse of /s/ into an /ʃ/-like fricative (Fig. 6(c) ).
But see Hayes (1997) for a di!erent view. Hayes argues that phonological constraints di!er from phonetic constraints in not having access to quantitative information, but that they are like phonetic constraints in undergoing evaluation by weighting rather than strict dominance.
Conclusion: constraints in phonetics and phonology
Experiment 1 demonstrated that there is greater overlap of stop consonants at word boundaries in English than in Russian. It was suggested that the di!erent patterns of overlap seen in these data be accounted for in terms of phonetic alignment constraints. Such constraints would be similar in form to phonological alignment constraints, but di!er in making reference to points internal to the objects being aligned.
Experiment 2 examined /s#j/ sequences in both English and Russian, with an aim toward establishing whether there was a relationship between consonant overlap and palatalization. A gradient and variable palatalization, consistent with the "ndings of Zsiga (1993 Zsiga ( , 1995 was found for English, but not for Russian. Close examination of di!erences between subjects and utterances, and a comparison of /s#j/ sequences to &&true'' palatalized fricatives in Russian, however, suggested that both gestural overlap and some degree of gestural weakening are necessary for an assimilation to be observed.
The blending seen in English, and the lack of blending in Russian, lead to further consideration of phonetic constraints and their place in the grammar of phonology and phonetics. In the model being presented here, phonological and phonetic constraints belong to di!erent components of the grammar, with the output of the phonological component serving as input to the phonetic component. Phonetic constraints have access to quantitative information; phonological constraints do not. This model contrasts with other constraint-based theories of phonology and phonetics (e.g., Steriade, 1997; Kirchner, 1997; Flemming, 1997) which argue for a single phonological-phonetic component that encompasses constraints referring to both categorical and quantitative information. It has been argued in previous work (Zsiga, 1993 (Zsiga, , 1995 (Zsiga, , 1997 and references therein) that a theory which allows quantitative information into the phonological component cannot account for the categorical nature of phonological alternations, such as the true /s/ to /ʃ/ alternation in &&press'' vs. &&pressure''. The evidence from blending seen here suggests a further reason to keep phonological and phonetic constraints separate: they must be kept separate because they are evaluated in di!erent ways.
Most phonologists pursuing a constraint-based model of phonological alternations (e.g., Prince & Smolensky, 1993) assume that constraints are ranked in strict dominance. If a con#ict between constraints arises, the higher-ranked constraint is satis"ed, and the lower-ranked constraint is overridden. Thus, if a constraint prohibiting codas is high-ranked and a constraint prohibiting deletion is low-ranked, the coda constraint wins and any consonant that "nds itself in the coda will not be pronounced. The deletion is categorical: no trace of the o!ending consonant remains.
Within the phonetic component, however, con#ict resolution is seldom if ever categorical. When phonetic con#icts arise, the two incompatible speci"cations may be weighted, and a compromise reached. Neither speci"cation wins absolutely; each one contributes something to the "nal result. This is illustrated in familiar cases such as palatalization of /k/ preceding /i/, dentalization of /t/ before /V/, and other forms of coarticulation. Browman & Goldstein (1986) modeled such coarticulations as blending between con#icting gestural targets. Later work on gestural models has addressed the 96
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Again, the model proposed in this paper di!ers crucially from Flemming's in that it is assumed here that weighted evaluation is appropriate only for the phonetic component, while Flemming assumes that phonology and phonetics are not distinct. The two models agree in arguing that the phonetic component may be fruitfully viewed in terms of constraints, and that phonetic constraints must reference quantitative information and be evaluated in terms of variable weighting rather than strict dominance. The determination of which model better accounts for phonological alternations requires further phonological analysis and argumentation beyond the scope of this paper. Flemming (1997) discusses the role of phonological contrast in determining the language-speci"c weighting of constraints. need to assign di!erent weights to the con#icting speci"cations. Saltzman & Munhall (1989) , for example, mathematically model &&parameter blending'' in coarticulation. Goldstein (in press) discusses weighting of competing constraints in phasing relations. Another model of weighted constraint evaluation is Flemming's (1997) &&phonetic optimization'', which views coarticulation as arising from the interaction of constraints (such as &&achieve targets'' and &&don't move quickly'') which must be given variable weightings.
The data presented here suggest that a weighted constraint evaluation is also at work in the blend between /s/ and /j/ in gradient English palatalization. When overlap occurs between these two articulations, competing demands are placed on the articulatory system. In English, the constraint specifying the place for the coronal articulation (or perhaps the word-"nal articulation) is given less weight, and the articulation is allowed to weaken and merge with the overlapping /j/, producing an intermediate articulatory con"guration, and lower-frequency fricative noise. For Russian, perhaps under pressure to keep three phonologically distinct coronal fricatives also phonetically distinct, the speci"cation of the coronal articulation is given a stronger weight, and persists unchanged even when completely overlapped with a palatal constriction. This weighted evaluation may be considered as a reason to keep phonological and phonetic constraints separate. If strict dominance is to be preserved in the evaluation of phonological constraints, then phonological and phonetic constraints must be evaluated independently, because they must be evaluated di!erently.
In phonetic theory, the idea of &&blending'' between two con#icting articulatory demands is certainly not new. The innovation proposed here is that speci"cations of gestural phasing might fruitfully be considered as phonetic alignment constraints, the correlates of phonological alignment constraints. The shift in formalism allows parallels with phonological theory to be seen more clearly and contributes to the development of an overall model of the phonology}phonetics interface. On the value of formal language, one phonologist a$rms his &&belief in the explanatory value of formal devices: in many cases, the invention of a good notation has revealed the simplicity behind systems that initially seemed complex. A good formal device takes on a life of its own, revealing previously unseen connections and stimulating further inquiry'' (Hayes, 1982, p. 227) . It is hoped that the presentation of the data on English and Russian in this paper, and the discussion of the data in terms of phonetic alignment constraints, will indeed suggest connections and stimulate further inquiry, both into cross-linguistic timing patterns, and into the relation between phonetics and phonology.
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kCV The government will make Art a priority. I'll make another one tomorrow. VCp They saw parts on the table. They saw potatoes on the farm. VCt
They saw tarts at the bakery. They saw tobacco in the barns. VCk They saw carts in the parking lot. They saw commercials on TV.
